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Overview

CP violation introduction.

Measuring sin 23 in b — c¢és modes such as BY — J/9{K?.
Motivation for measuring sin20.¢ in b — ggs (¢ = u,d, s) penguins.
* B - K%, ¢oK?, wK?, 1" K?

Previous results.

PEP-II collider, BABAR detector, and dataset.

BY — 1/ KV analysis (part of my thesis).

Recent results from other penguins.

Discussion.




* Discrete transformations C, P, and T':

* Parity (P) : (¢t,x) — (¢, —x).

* Timereversal (T) : (¢t,x) — (—t,x).

* Charge-conjugation (C') :
particles — anti-particles

J

Strong and electromagnetic forces conserve C, P, and T

In 1956, the weak force was observed to violate P; the V — A form
of the weak force manifestly violates C and P.

It was thought that weak interactions conserved CP, until Cronin
and Fitch observed KY — 77~ in 1964.

In "90s, B-factories built to test CKM picture of CP violation in
decays of B mesons.




CKM matrix and CP violation

* Consider the coupling of quarks to charged gauge bosons
in the flavor (interaction) basis:

Lw = gw (ﬂL’}/MW;dL + ELV“WM_uL)

* Transform to mass basis with «* = U%ur, dY = U%":

Liy = gw (T WV +d W veuk)

Where(V = (U“TUY) is the CKM quark mixing matrix)

* CKM matrix i1s 3 X 3 unitary matrix characterized by
three real parameters and one 1rreducible phase.

* Because of CKM phase, V' # V*and Lj;, is not invariant
under CP.




* By convention, Vckwm takes down-type quarks from
flavor to mass basis.

* ITn Wolfenstein parameterization (to order \3):

L3 A AN(p—in)

Vekm = =\ 1— )2 AN?
AN (1 —p—in) —AN 1

where A 1s the sine of the Cabibbo angle (A = V,,, ~ 0.22)
and A, p, and 7 are real and of order 1.

* 1 # 0 implies CP violation.




[ Unitarity triangle J

e

* Unitarity of Vokwm yields

Z‘/;ji}kc:‘

1=u,c,t

(j =d,s,b; k=d,s,b; and j # k)

* Useful for the B system, this equation

VudVJb = VchCﬂE, -+ thVt}’; =1()

describes a triangle in complex plane of roughly equal sides.

* The apex i1s at p + 1, so that non-zero area implies CP-violation.

* The angles are defined
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Overconstraining
the triangle

* Measure the sides and angles of the
unitary triangle i diverse processes.

* Agreement confirms the CKM picture.

* Disagreement indicates new physics.

Wassily Kandinsky
Composition VIII, 1923




KB B Time Evolution\

-
* At BABAR, pairs of B mesons are created

in entangled states in 17°(4S5) decays.

* Mass and flavor eigenstates differ:

N

~ .
|Br) = p|B°) + a|B )
Br) =p|B°) —q|B") / B

* Neutral B's, created in flavor states, mix via Amp =My —mf

second-order weak PYocess (bOX diagI am). — ( Ea ) / )
W = m g mr,
|

I'~T'yg~1'g

* A Bmeson at t =0 can be written at t:

BY. (@) = et [COS (3Ampt) |B%) + i sin (3Ampt) |EO>}

* No CP violation in mixing, ¢/p is pure phase.

* Note Al'p < Amp, Al'x ~2Amg, Amp = 100 - Amg.




~N

Mixing-induced CP violation

/

s

* Decay to CP eigenstate fep 0K2,1n'K") accessible from BY and B° involves
interference between amplitudes for mixing (¢/p) and decay (A Fop A fop )-

* The observable time-dependent decay rate
asymmetry: N|
B

] F(thys(t)ﬁfcp)—r(gghys(t)%f@:) fcp
Acp(t) = F(thys(t)—>fCP)—|—F(§ghys(t)—>fcp) q A \

RO
* Decay rates I' (now called fi) are &

—t/T

f+(t) = “=— [1 £ Sy, sin(Ampt) F Cyp cos(Ampt)|

* Mean BV lifetime is 7, the CP.violation parameters S fop and Clyo, are

_ 2ImAg o

1= Asgp | _ 7
S = C — CP A\ — q " feop
fop T+ X fop 12 fep T+ X fop 12 fep TlfCPpAfCP

* For CP conservation, Acp =S¢, = Cs, = 0.
\




~N

Experimental Aside...

/

So far, Acp(t) and fi(t) are written in terms of the flavor at creation and
the time of decay of a B meson (Bcp).

We can't measure these, BUT ...

Recall coherent B meson pairs (Bcp and Biag).

We can determine:
* flavor at decay (tag) of the other B meson (Biag),
* difference between proper times of decays of Bop and Biag.

We can write:

o—lAtl/T

f:t(At) — i [1 Sl SfC’P Sin(AmBAt) + CfCP COS(AmBAt)]

where At = tcp — tiag End the upper (lower) sign denotes a decay
accompanied by a BY (BY) tag.

We use fi+(At) in the ML fit to extract Sy, and C¢., from the data.
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e

sin 23 from b — ccs

_/

\_
(" : :
* Examine Af_, in “golden mode BY — YK :
A
_ i
)\fCP = Nfcp % ﬁ
Nfcr

/P = Vi Vio/ Vs Vig
A@DK% X ‘/;bvcz
VCS cti/ VCZVCCZ

* In SM, we expect (almost exactly):

CP eigenvalue of fcp.

From B mixing, independent of fcp.

Single amplitude for BY — J/¢Y K 2./

From K mixing in the final state.

* No CP violation in decay because
\

th Vtﬂ;) Vcb Vc*d
Vc*b Vcd Vtti th
', 1_|>‘¢Kg|2 0
YKg — T+ ko l?

A 0

K , .
A i = 1; only ~1 amplitude contributes.

P K

W
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sin 23.g¢ from b — qqs
penguin decays

* b — qqs decays occur via loop processes_in SM.

b — s penguin diagrams carry same phase
as b — c tree diagram.

Penguins also sensitive to sin 20 .

S/C can be non-zero when two amplitudes with
differing weak and strong phases contribute to
the process.

Color-suppressed tree and CKM-suppressed

penguin amplitudes pollute the picture.

\anKO !/\AanOI i — O()\Q) , SO we expect: Sn'KO = 8in 20 ~ sin 25
077/ KO = O




AS and new physics

N

Y,

-

sin 2. measured in b — ¢gs penguin decays
1s sensitive to heavy, non-SM particles 1n loop.

Deviations of AS (= sin 28 — sin 203)

from zero indicate new physics. — e =1 —
= ' KO 23 |
However, even in SM, channel - 4 — 4 -
dependent effects cause AS # 0. - .0 70 1
l PEE s L :
There are predictions for AS from - e ! L5
* QCD factorization. ~ IS |
* Soft collinear effective theory. | oK 3E1 -
* Flavor SU(3) symmetry. ! _0[2;/_01_1 i -~ L )
0 Y ¢ patie (Yellow band 1s uncertainty
S .
theoretically cleanest modes on sin 25 (£0.03). 4

with AS ~ 0.03. 1QCDF Beneke, PLB620, 143 (2005)
2SCET/QCDF Williamson, Zupan, PRD74, 014003 (2006)
3QCDF Cheng, Chua, Soni, PRD72, 014006 (2005)

41SU(3) Gronau, Rosner, Zupan, PRD74, 093003 (2006) g

y
|
Theory Predictions for AS )‘:\
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PI‘GViOllS Results First observation of CP violation
in charmless B decays.

BABAR 1 Belle 2

Syxo | 058 £0.10+003  0.64L0.10+0.04
Cest| 2016 £ 0.07 & 0,03 OI0IESON RIS

—nn/Kg Sn/Kg 0.62 +0.11 0.64 +0.11 World averages (Summer

Cy k0 —0.18 4 0.07 0.03 + 0.07 07) for b — s penguins.
~ T 50 Spy K0 0.32 +0.28 0.46 + 0.24
L L

Coy 0 ~0.16 £ 0.07 ~0.09 £ 0.16 HEAG

PRELIMINARY

e In 2005, naive average of b — s b—ccs  World Average 0.68 = 0.03

penguins differed from b — ccs

Averéage
was 3.70 . '

Aver%age
o At last publication, discrepancy
was 1.60 (neglecting fo K9 ).

Recent results presented / | Avetage

today for these modes. [ Aveiage
'Babar Collab., PRL 98, 031801 (2007). ) Average
“Belle Collab., PRL 98 031802 (2007). -0.




* Asymmetric-energy
eTe™ collider.
(9 GeV e, 3.1 GeV e™)

* Center of mass (CM) is

boosted in lab (8v = 0.56).

* Separation of BB decay
vertices: 20pum— 200pum.

o \/E — ECM = 10.58 GeV
(Mass of 1°(4.5))

* B(Y(4S) — BB) ~ 100%

* Max luminosity four

times that of design:
1.2 x 103*cm—2s~ 1

A:‘ L h

SL.D: Precision
/. studies

Aerial photo
mosaic courtesy
of Steve Williams.

M}, (WWW.pam-rc.or,q)

t:-“‘?-w,;-

"*

i.& ot ‘ ‘ W
Ir-- N R ‘w‘r?
: : T.,_‘ ’ - .o‘,‘ . -
<l

{ End Station A:
. :Q' partons via DIS



http://www.pam-rc.org
http://www.pam-rc.org

BABAR

Detector

Silicon Vertex Tracker

5-layer SVT measures track

Impact parameters.

Drift Chamber (DCH)

* 40-layer, small-cell.

* Measures pt:
* PID for tracks with
pr < 0.7 GeV from dFE/dz.

J

DIRC

144 silica bars measure
angle of Cherenkov cone,
primary PID for tracks with
pr > 0.7 GeV.

ElectroMagnetic
Calorimeter (EMC)

Magnet

1.5 Tesla, superconducting

Instrumented Flux
Return (IFR)

56 rings of CsI crystals.
Detects energy from photons,
electrons, and K.

Resistive plate chambers and
limited streamer tubes detect
muons and KV .




Data &
Monte Carlo

BaBar

PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

(&)}
o
o

Data collected 1999-2008.

Delivered Luminosity
Recorded Luminosity

Integrated Luminosity [fb™]

Recorded Luminosity Y{4s)
Recorded Luminosity Y{3s)
Recorded Luminosity Y(2s)
Off Peak

1
426 fb™ " on-resonance.

(v/s =10.58 GeV )

54 fb~! off-resonance.

BB production cross-section

of ~1.1 nb yields 467

million BB pairs. | _,,—ME
| [

A ®
g &
S P

Large samples of
GEANT4 MC

* Exclusive samples for signals and backgrounds from B decays
(0.2 -1.0 million events each).

* Inclusive sample of generic BB decays (1.3 billion events).




Decay Name Key
L o, =YY

* Measure S and C using seven
sub-decay modes.

* Crosscheck with 7/, K+ and n, KT

yIR 7T+7T_7T0

Expected
BF (107°%) € (%) Selected Yield

3.9 i 1556 500
6.6 23905 900
1.8 1 1175 110
3.0 1 28871 200
2.3 1 546 180
5.7 1 14125 450
3.3 1 4951 170

3.1 g




[ Analysis Overview ]

~
1. Reconstruction and Selection:

* In kinematic fit, reconstruct B candidates from all
combinations of tracks and photons.

* Select best B candidate based on B vertex probability.

2. Maximum likelihood fit:
* Fit samples of 500 - 20k events (depending on decay channel).

* Characterize event types (signal, backgrounds) using distributions of
variables related to decay kinematics and event-shape.

* Simultaneously
* isolate signal decays from large background,
* extract parameters of interest.

3. Potential backgrounds:
* 99% of background is continuum ete~ — ¢q (¢ = u,d, s,¢) .
* Charmless decays from BB events in several sub-modes.
* Charmed B decays in a few sub-modes.

* Apply loose selection criteria, which leave < 1.3 candidates per event.

19



p
* Combine tracks and photons to

make B candidates composed of
various intermediate resonances.

* In fit to entire decay tree, obtain
B decay vertex with resolution of
~0.1 mm.

0

* Constrain ', n, m

{Candidate Reconstruction | &7\
/. 0

>
....
...A
)

beam spot  ~ > Biag

masses to nominal values; account for K9 lifetime.

Selection Requirements:)

O Miaies 22 MNoredea tm dlecey mode A b
o AF|<0.2 GeV,

e 5.25 < mgs < 95.2893 GeV,

e £, > 30 MeV for 7",

o £, > 50 MeV for 7.,

e £, >100 MeV in 5, ,

e |cosf,| < 0.9, where 0, is the

angle between a p’-daughter 7+
and the n’ in the p® rest frame,

e Invariant masses of resonances to be 2-3
widths from nominal mass.

e K, _ vertex fit probability > 0.001,

e K, flight length at least 3 times the
uncertainty on the flight length,

o |At| < 20 ps,
o oar < 2.5 ps, where oa¢ 1s the
uncertainty on At.

20



-

Maximum likelihood fit

-

* For N measurements of quantities x distributed according to a

probability density function (PDF) P(x, ) where o is a set of
parameters, the likelthood 1s defined:

N
H P(XZ’, (87
1=1

* Given the data x;, the maximum of £ over @ gives an unbiased

estimate of ox.

* For m components of the data, each of fraction f; (> f; = 1), the PDF

has form:

P(x;, g i XZ,OéJ

* Since N i1s randomly d15tr1buted, mclude Poisson factor for making NV

measurements when expecting » v, :

e ™
e (ZVJ

= HZVJ Xz,aj

==l

21



ML fit specitics

Correlations between variables of x are low (<5%), so we factorize the
PDF for each fit component j:

Pj(x, ;) = Pj(x1, a1,5)Pj(w2, @z 5)... Pi (T, atn 5)

Minimize — In £ instead of maximizing L .

The first task of the ML fit 1s determine n PDFs for m fit components.

The m fit components are:

1. Signal (sig). 3. Charmless BB (chls) for some modes.
2. Continuum (qq ). 4. Charmed BB (chrm) for some modes.

* The n observables:

1. Kinematic quantities (mgs, AFE).
2. Event-shape Fisher discrimimant (F).
3. Time-difference (At).

v




Kinematic variables:

eams 4-momentum:
) 7
Y

"

qq (data sideband)

L
5.27

1
5.28

mMegs (GeV

qq (data sideband)

Designed to be
uncorrelated.

Lab quantities require
no mass hypothesis.




Event-shape variables

]

Cut on angle b/w|
thrust axes of B

i_(thrust axis)

®
_|_
Arbitrary units

and rest of event.

—— signal MC
—— continuum qﬁ)

|

P
i

0

Fisher discriminant (F) of
other event-shape variables: ===
= of
= s£ signal continuum
= E MC qq
Z 6
2 E (data
< E sideband)

3

o

1:_

1 O

& [TTTT

0 1 2 3

Event-shape Fisher (F)

Y

02 03 04 05 06 07 08 009
| cos O

—
—

1. Angle w.r.t. beams of B momentum.
2. Angle w.r.t. beams of B thrust axis.
3. Zeroth angular moment Ly .
4. Second angular moment L .

’ .
L; =3 ,;pj X |cos ;|

P; momentum of j*! particle in event.

Sum excludes B daughters.

1

f, angle wrt B thrust axis of particle].

24



K? Reconstruction ]

s

e K (L)‘s detected 1n EMC (60%) and IFR (40%).

* Can't reconstruct K° 4-momentum, obtain K

direction from 1’ decay vertex and centroid of
EMC/IFR cluster.

* Constrain masses of B and KV in vertexing.

* mes/AE 100% correlated; only AF in ML fit, KN Eo%eggi

Three cuts to reduce ¢qg, optimized for precision on S and C: J .

1. Magnitude of missing momentum Pmiss -

- O 2. Angle wrt beams of missing momentum cost,_. .
= oo /
= oo ; ‘/ | f £ 5[EJSignal 1] 3. Output of
U = |21 Background ]
M R ER 1/ neural network
: -t g
: HE ER: : of EMC
02f 111 2.0 :
W R N : shower-shape
3 2 10 1 2 3 = ] ™
Transverse projected Pmiss (GeV)j E < 2 B quantltleS.
0.042— — s E WV
0.02f E :
0] 0.5 o 05 _ yl] : 0T 2 0 0.2 0.4 06 08
€08 Op,...... Neural network output
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(Charmless BB background

D 4

decays have broad peaks in AE and{mgs )~
* Identify BG modes with generic BB MC.
* Use exclusive MC for 1dentified modes and

* Example from B° — 7, K{ :

known BF's to model charmless background.

* Background (BG) events from charmless BB -

~—~ 1800

L 1600
@)

o~y 1400

charmless MC

1
5.28

TMES (GGV)

5.29

: Expected charmless BG

~

Y. .
N for each sub-decay mode:

MCe Est. B ][B; Norm. # # in PDF A
Bkg. channel (%) (1079) BB Bkg.  Bkg. file Mode 7f Fvents
e 2K 225  34.9187 . 0231 83.4 5290 I <5
BY — ntn~ KO ISR S s s 16 81.2 5145 n Kg 270
B — a%(p~nT)K®  2.08 i F 0.231 33.1 2100 i % -5
Bt — pt KO 0.82 8.071% 0.500 15 950 My 2500
B — ¢5, KO 6527 / sl 2 Mofiss 12.8 809 Moy 500 69
BT — af (pt7%)K° 046 349787 0.115 8.5 537 Nt Kg <5
Bt — p K(1430) 0.05 40 1.000 8.3 529 n Kp 929
Bt — oK | Mo SR o 022 6.1 387 377”[} o5

S

B - KTK~KO° 0.13  24.7122  0.346 5 316 H5m L y
B — p K (1430) 0.05 20 1.000 1.6 292 . _
B® - w K? 0.61  5.179¢  0.308 4.4 279 || Chls BG entering fit, to be
BY — 15, K s 267 49775 0.067 discriminated against

Total

~1000 signal events.
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EVENTS / | V.UZ Gev )

>
&

-
>
»
3
N
H
2
5
<
0
4]
£
o
>
u

3
%

EVEMS/ | V.2 )

signal MC

1 |
2 =
- Li%dd % Bhorz
-0.0015652 = 0.00004

0.022582 + 0.00065 f3g
0.018939 = 0.00002{;

= 0.09694 = 0.00078

0.2
A E (GeV)

2/ ndf = 75,022
fc = 0.94801 + 0.00097

= 5.2794400 = 0.0000056 GeV
5.27124 = 0.00018 GeV
0.0026133 = 0.0000049 GeV

= 0.00908 = 0.00010 GeV

Yo
Y
o
c
o1

% ° / ndf = 30.858
A= 0.1493 = 0.0025

w =-0.49672 = 0.0011
o = 0.57825+ 0.00078

CVENIS / | U.UZ bev )

CVENTS / | U.UUZ Gev )

Cvenis/{ u.z )

-
o

-
o
N

z

df = 0.710

1.79 = 0.75

%</
p, =-1.6984 = 0.081
P, =

-0.1

0.1

AE (GeV).

2

2/ ndf = 1.449
c=-2561+ 24

1L
5.26

2 -
A e PT01s o
o = 0.4225 - 0.0051
= 0.5708+ 0.0040

UC
wp= 052 = 0.26
or= 231+ 043

fc = 0.9897 = 0.0025

0 2

CVENIS / | V.UZ GevV )

CVENTS / | U.UUZ VeV )

Cvenis/{ u.c )

8541 %010

0.1320 = 0.0024 Ge'

-0.15189 =+ 0.0069 G
0.0616 = 0.0031 Ge'

.1350 = 0.0093 Ge'

%* / ndf = 3.488

£=-329.24 = 9.4

n= 1.306 =+ 0.050

w = 5.28021 = 0.00040 GeV
o = 0.00380 = 0.00023 GeV
fracG = 0.116 = 0.019

¥ 2/ ndf = 3.367
A= 0.1599 = 0.0100

u =-0.37057 = 0.0045
o = 0.5865 + 0.0032

Events/ ( UL.uzZ gev )

EvVents/ ( U.uuz Guev )

Evenis/ (u.z)

%2 / ndf =0.767
p, =-5.151+ 0.32

p,= 9.8 + 26

0.7 0.1 0.2
A E (GeV)

%2/ ndf = 0.962

£=-85.4 = 36
0.76 + 0.29

¥* / ndf = 0.698
A= 0.084 = 0.032

u =-0.3279 = 0.015
o = 0,570 = 0.010




[Time-dependent analysis | /e

4 EO

tag :

* Measure Az, convert to At
using boost, p* of Bop, Tgo. T(4S ) SO

* Determine flavor of Bi,, with

tagging algorithm (next slide). n BreAt
B e

At and tag (£) go into: By = 0.56

—|At| /T

f+(At) = = [1 F 1S sin(AmpAt) F Cf cos(AmpAt)]

Modify f1 for tagging performance: wy (w_): wrong tag probability

T Ly for true BY (BY)
fa={ +)f2 ik {Aw = wy —w_  w = (WSS

o—lAatl/T

(fﬁ_L(At) = {1$Aw:|:(1—2w) |—nSysin(AmpAt) — C¢ cos(AmpAt)] }]

* Modify [, for tagging efficiency asymmetry (u ) for B? and BO.

* Convolve f with At resolution function to obtain final At PDF:

(Pi(mmt) — (A ® R(At,%))




. . Semileptonic B decay 7+
Tagging algorithm Wl
- -

* Neural-network-based algorithm assigns
each B candidate to 1 of 6 categories.

* Category 1s determined by continuous output of
algorithm (and lepton in the B, final state).

* Cleanest tagging from semileptonic decays, such as B@l/l.

* Clean taggmg from b — ¢ oS degays such as

B%= D*~p*, D*~ = D'n~, D =K D~

arbitrary scale

* Mistagging and experimental At¢ resolution
change 1deal into observed At distribution.




| Bpiay Sample

r N
* How do we get parameters for tagging (e, w, Aw, p) and R(At,oas) ?
* The performance of the tagging algorithm 1s independent of signal mode.
* Resolution on At i1s dominated by tag-side vertex.
* Baa.y sample : 100k (c.f. 2.5k signal events) fully reconstructed, self-tagging
decays BY — DW= (xt, pt, a).
* Fit Baav sample to determine tagging and resolution model parameters.
€ : probability to be tagged * No dependence on MC. y
p=e(BY) — e(BY) - e A R T
t
QEE(l—Q’UJ)Z aegory 6(0) w(o) w(o) /’L(O) Q(O)
05O X 1/\/@ Lepton 9.0+ 0.1 2.8 +0.3 0305 —-03x+09 80=x0.1
— 1 Kaon I 108 £0.1 53+03 —-0.1+0.6 0.1+0.9 &7+£0.1
Kaon II w2 =0 0.1 145 £ 0.3 0.4+0.6 0608 &87+£0.2
Kaon-Pion 13.7+0.1 23.3+04 —-0.7+0.7 0209 3.9=x0.1
Pion 14.2+0.1 325+0.4 51+0.7 —-254+£09 1.7+£0.1
Other 95+0.1 41.54+0.5 3.8 0.8 1.841.0 0.3£0.0
All 74.4 £+ 0.1 31.2+£0.3
< Z
r oo )
75% of events 30% effective rate
are tagged. \due to mistagging.
\_ y
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\

C : tagging category

Grand Simultaneous Fit J e

€c : tag efficiency for ¢
(" 1

* For each sub-mode f, L¢is product of L. r for each tagging category:
6 6(_ Zj Vj,ec) e . : : :
L= H H(Vsigecpszig,c + Vq(j,cpéq + Vchlsecpéhls,c T Vchrm€c éhrm,c)'

N,!
f c=0 c )
\_ y
I N
We average sub-mode results by
maximizing product of Lfs

while constraining all —7n¢Sr to
a single value, S,/ ko.

non- At PDFs:
* Event yields for sig, ¢q, chrm, are free.

* Parameters of gqq are free in fit.

* si1g, chrm, chls parameters fixed to
values from MC.

| l 133 free parameters ! I ,

Components

At models

Component

T S S
' Kg sig, qq, chls*, chrm

MyaeBs00  sig, q7

Parameter Source

Tagging R(AtL) S,C

n,Ksoo  sig, qq, chls*, chrm sig By By free
N5 Ks sig, qq qq Tp fixed to 0 free n/a
T sig, qq, chls” chls Baavy chls MC | fixed to 0

N5 KL sig, g7 *fixed yield] | chrm Biay chrm MC | fixed to 0
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Fit validation : toy MC experiments

* Perform 150-550 simulated experiments using toy datasets:
* Generate gqg and charmed BB events from factorized PDFs,
* Embed MC events for signal and charmless BB.

* Estimate bias due to correlations in signal and residual contributions
of backgrounds and misreconstructed signal.

* Confirm that uncertainties reported by fit are reasonable.
\_ y

# toy # sig 4 chls Bias on C

Final state Signal Bias on S

experiments input input Bias
nngg 550 470 0 = -5 0.010 £ 0.007 —0.012 = 0.005
néng 260 970 A 35.1+£14 0.002 = 0.007 —0.007 == 0.006
777’7MK200 200 108 0 — 3.0x£0.6 0.080 £+ 0.034 0.022 £ 0.020
77;>ng00 270 199 69 7.3£1.3 0.054 £0.022 —0.007 £ 0.016
ne K9 190 173 0 — 1.8+£04 0.021 £0.020 —0.009 = 0.014
n;mKQ 235 353 22 —25.3+1.7 —-0.019+£0.018 —0.007 £ 0.013
ne K 140 170 0 — 95x£1.5 0.099 £ 0.035 0.007 £ 0.022
Weighted Avg. 0.013 £0.004 —0.007 = 0.003
Simultaneous 7' K° Fit 175 unbiased fit | 0.006 = 0.006  —0.008 £ 0.006 u
Simultaneous ' K¥ Fit 175 0.008 =0.006 —0.007 == 0.005

Simultaneous ' KV Fit 175 0.003 +0.014 —0.006 + 0.011
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Systematic Errors

PDF parameterization:

* Vary fixed parameters by amounts

found 1n studies of data control samples
( Baav, B~ — D’7~, BT = n'K™) .

BB background:

e Vary S and C for chls, chrm components.

e Vary fixed charmless yields by +20% .

Signal At parameterization :

Source of error

o(5)

a(C)

Beam position/size
SVT alignment
Tag-side interference
Self-crossfeed

Fit Bias

PDEF Shapes

BB Background
Signal At Shape

Total

0.002

+0.002
—0.001

0.001
0.006
0.006

0.001

+0.003
—0.002

0.015
0.003
0.006

0.005
0.008
0.009
0.016

0.009
0.004
0.010

* Comparing toy MC studies performed with At parameters (R(At) and
tagging) from signal and Bg,, MC.

* Estimate effects due to differences between signal and Bg,, data.




! 770
— 17447 Results

/ 0 / 0 / 0
TIWWK 500 77,0ny s00 (/L

Events to fit 1056 27057 513 12217 4586
Signal yield | 472424 1005 + 40 105+ 13 206 £ 28 171 £ 14 341 £ 32 158.7 &+ 21.6
Chls yield < 279 = 69 - 22 —
Chrm yield £ 253 + 67 — 530 + 84 = - —
0.70 = 0.17 0.46 £ 0.12 0.51+0.34 0.26+0.33 0.76+£0.26 | 0.654+0.22  0.66 4 0.46
—0.17+0.11 —-0.13£0.09 —-0.194+0.30 0.04£0.26 0.054+0.20 | 0.07+£0.19  0.02 +0.26

Combined:

Syio = 0.537 £ 0.084 —1- S0 = 0.642£0.198

Cy o = —0.118 £ 0.062 Cyy iy = 0.047 £ 0.154

Spgo = 0.551 %+ 0.777
C o = —0.094 & 0.058

* With about 1500 B° — n'K} 0.545 £ 0.077 £ 0.016
and 300 BY — n' K} flavor- —0.086 + 0.058 + 0.022

tagged decays, we find these

bias-corrected results: v,029 HULESES

—0.111 = 0.062 £ 0.024
0.639 = 0.198 = 0.033
0.053 £ 0.154 £ 0.029




BY — ' K? Results

Events / ps
Events /20 MeV
Events / 20 MeV

k

4 =l 1 1 1 L L 1 1 1 1 1 1 1 1 -
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 -0. 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.
A E (GeV) A E (GeV)

o]

if

Signal-enhanced projections

Projections of AE and At with optimized,
mode-dependent requirement on

Ls
Ls+ Lp

to enhance the signal.

Raw Asymmetry




BY — ' KY Results

[\

Raw Asymmetry

[E—

Events / 2.5 MeV

o)

N
(@)

20}

Signal-enhanced prOjeCtionS Of 925 5.I26 5.I27 5.I28 5.29 -0.2 -0I.1 010 Ol.l 0.2
mgs, AFE, and At Mg (GeV) A E (GeV)




p— ng

arXi1v:0809.1174 (submitted to PRD)

« 163 & 18 signal events with

[E—
-

w— 7T~ 7Y and Kg — Tt

-

Events / ps

\®
O

oF BABAR
- Preliminary

-BABAR

| Preliminary

BN @)
) )
N
)
—

n

Asymmetry
)
-

T

(\®
-
I
O
()|

=
)
T 1 T TT

(o}
S

Events / 2.5 MeV

Events / 20 MeV

O | | | O ] ] ]
5.25 5.26 5.27 5.28 5.29 -0.2 -0.1 00 0.1 0.2
mgg (GeV) AE (GeV)




BABAR

Preliminary |

Events / ( 1.5 MeV/¢c*)
o 2 =z B8

Yo S =] =) S
)
=N

B » K*K~ K9

arX1v:0808.0700

528 5.29
Mg (GeV/c?)

* Reconstruct K9 — 777~ and 77" .

* Time-dependent amplitude analysis, model uses ;—% et ET

0 0 0 0 N+r— P+ r—
fOKS’ KoKg, NE, Xeolg, DT, Dk 507 528 529
* Fit entire Dalitz plot, then fit low- mg (GeV/c?)

mass (mg+rx_ < 1.1 GeV) and high-
mass (mg+x_ > 1.1 GeV) regions.

Fit Signal yield 7z 1 -
Whole DP 1428 + 47 5 — [ ambiguity in sin 20

High-Mass 1011 + 39 ruled out at 4.80.
Low-mass 421 =25

- Whole DP 4 A BABAR

Preliminary

At (ps)

Fit Acp (—Cf) - . . . 5
Whole DP_ 0.03 £ 0.07 £ 0.02 _ 0.44"+ 0.07 £ 0.02 : Whole DP B2RAK, -
High-Mass  0.05 %+ 0.09 £ 0.04  0.52 = 0.08 % 0.03 -
SK? 0.14+£0.19£0.02  0.13 +0.13 = 0.02
foK2 0.01 +0.26 +£0.07 0.15 = 0.13 £ 0.03

sPlots!

Accumulate probability to be signal (computed without plotted
variable) in bins of variable of interest. Overlay normalized PDF.
1Pivk and LeDiberder, NIM Phys. Res., Sect. A 555, 356 (2005).




BY — WOKg

arX1v:0809.1174 (submitted to PRD)

* No tracks from B decay vertex!

* 60% of signal B candidates make hits
in mner silicon tracker (SVT).

 Obtain At in these events w/ constraints
on average interaction point and B lifetime.

* At resolution comparable to other modes (~1ps).

* All 556 £ 32 signal events constrain C'.

Events/0.008
Events/0.03

515 52 525 5.3 . .
m_. (GeV/c?) mg(GeV/c?)

N
)

Events / ps
)

N
-]

-

<

Asymmetry
n O W

S

BABAR |

\®)
)

Preliminary

\®)
)

[Em—
T T T7

1
[
T T 1T




Results Summary

‘ CKM2008

PRELIMINARY
—NfSy Cy b—cés World Average : B i ' 0.67 4 0.02

BaBar : — | |i] . 0.26 = 0.26 + 0.03
0.55 +0.08 +0.02  —0.09 & 0.06 == 0.02 s el : o or 922
0.53 £0.084+0.02 —0.1140.06 £ 0.02 '

0.64 +0.20 + 0.03 0.05+0.15+0.03 | 0.57 = 0.08 = 0.02
E ok . 0.64+0.10 = 0.04
: 0.59 = 0.07

: ' § L 090 198G

In 2005, naive average of AS . 03020322008
was 3.70 from zero. : ] : 0.74 + 0.17
) 5 : . 0.55 = 0.20 + 0.03
Discrepancy has shrunk to 0.70. g I { 067+0.31+008

0.57+0.17

C measurements consistent w/ O.

No indication of new physics.

' 0.55 1035 = 0.02
' 0.11 £ 0.46 = 0.07
0.45 = 0.24

The B-factories have exceeded all . T ,
; ' _ Average kT ; 627y
expectations! BaBar E | ook~ 0.86 = 0.08 = 0.03

; 3 ' Belle : = | 0.68 +0.15 = 0.03 192!
CKM phase is the dominant Haverage 1 HEBd T es2eo0r

source of CP wviolation!

-0.2 . . . . 1.2 1.4 1.6




:New physics flavor puzzle at the LHC ]

-

* New physics (NP) expected at energy scale A ~ 1 TeV,
* to prevent divergence of the Higgs mass.

* New physics flavor puzzle: [ o« does NP, expected to have generic flavor

structure, maintain the observed flavor structure
of the Standard Model?

* Solution: NP follows principle of minimal flavor violation! (MFV);
* 1e., the SM Yukawa couplings are the dominant source of flavor violation.

\_ y
g It may be possible to experimentally exclude MFV at the LHC; )
consider this fortunate scenario?:
. f 1S next to-lightest SUSY particle.
« t — b is kinematically forbldden
* Large decay rate for o ch can exclude MFV.
\_ y

1 p'Ambrosio, Giudice, Isidori, Strumia, hep-ph/0207036:

2 Hiller and Nir, arXiv:0802.0916
Nir, arXiv:0708.1872

Cirigliano, Grinstein, Isidori, Wise, hep-ph/0507001, hep-ph/0608123;
Isidori, Mescia, Paradisi, Smith, Trine, hep-ph/0604074;
Nikolidakis, Smith, arXiv:0710.3129;
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* sin 28 measured in b — c¢s decays such as B — J/¢p K"

sin 23.¢ measured in b — ¢gs penguin decays such as BY — 'K Y
In Standard Model sin208.g ~ sin20 .

sin 20.g sensitive to non-SM particles in the loop.

In 2005, there was large discrepancy (~40) between sin 23 and sin 2.
Current measurements differ by only ~1o0.

CKM phase is the sole source of CP violation.

New physics flavor puzzle:
If new physics is there at A ~ 1 TeV, why do we find no evidence at B-factories?

At LHC, Minimal Flavor Violation will be easier to exclude than confirm.







Summary

‘ CKM2008

PRELIMINARY
—npSy : - ' : ' 01420192002

: -0.31 *053 + 0.04 = 0.09

n' KV 0.55 £0.08 £0.02 —0.09 £0.06 £ 0.02 : 0.23+0.15
nKg  0.53+£0.084+0.02 —0.11+0.06 £ 0.02 0,08 = 0.06 = 0.02

nKY  0.64+£0.20+003  0.05+0.15+0.03 por=oo ggz

-0.16 £ 0.17 = 0.03
-0.31 £+ 0.20 = 0.07%
-0.23 £ 0.13

-0.14 = 0.13 = 0.06

0.01 +0.10

0.02 = 0.27 = 0.08 = 0.08

-0.03 %055 = 0.11 = 0.11

-0.01 = 0.24

-0.52 7333 + 0.03

0.09 = 0.29 = 0.08

-0.32 = 0.17

0.16 = 0.19

0.05 + 0.18

L 0.10 +0.13
3aBar 00— LT -0.05+0.09 = 0.04

0.09 +0.10 = 0.08

0.01 = 0.07




LA Tale of Two Bases ]

4 N
* The Standard Model describes Nature in terms of

SU3)c x SU(2)r x U(1)y gauge symmetry.

« SU(2)r, x U(1)y sub-group is spontaneously broken by
Higgs mechanism putting Yukawa term 1n Lagrangian:

—L 2 =L
Ly = —2LQ; ¢dF — NQ; deult + hec,

* Change from flavor basis into new basis that diagonalizes A\*“'¢ :

/ U \dr7L ;R U /—LI R/

e _ﬁ)‘ii TN ﬁ)\;‘fb W o i ‘
A%4  3x3 complex matrices

* This term describes quarks with masses: 77

: QL quark doublet
mg@ = %)\f{, Wy = %)‘%
2 2 e quark singlets
* Quark fields in this mass basis: O Higgs doublet
i by Jriri L L _ r7d L e : )5

u;” = U, z?;uz , d;' =U ijdz’ 1, ] flavor indices

\_ ¢C — —7/7-2¢*

-




(B B Time Evolution\

Mass and flavor eigenstates differ:

—0
Br) = p|B°) + Q\BO>
|By) = p|B°) —q|B") Amp =myg —my,

Note Al'p < Amp (in K system Al'x ~ 2Amg).

Neutral B's mix via second-order weak process (box diagram).

Write time-dependent Schrodinger equation for two-state system with
mixing and decay; write state of particle produced as BY at t =0 in
terms of mass states and eigenvalues of Hamiltonian Ajp g :

1By (1)) = ﬁ e "M By) + e Bp)]

In terms of M = (My + Mp)/2and ' ~T'yg ~T':
| BDys () = e 2 [COS (3Ampt) |BY) + 1L sin (3Ampt) \Eoﬂ

Similarly for \Bphys( ).

AFB EFH—FL
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4 )

sin 23.g¢ from b — qqs
penguin decays

(

Q. »

* b — s penguins also sensitive to sin 23 but with theoretical
uncertainty from tree and Cabibbo-suppressed penguin pollution:

* In terms of tree (1') and penguin ( F,, ¢ = u,c,t ) contributions:
An’KO o PtthV{; aF Pchch"; == (Pu is T)Vubvf;s
* Unitarity gives
Alara e - (e =R R TR
~ O(A?) + O(\*)
* The first term, with same weak phase as b — ccs decays, dominates.
* However, |A, ko|/|Ay kol —1=0O(N\?), so

[ tpco — Sin 20 SASINEHE J
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PEP Il
Low Ener
Rin

[3.

North Damping

R
9 (1'.'}95 GeV)
A

Positron Return Line Positron Source

PEF Il High Energy Bypass (HEB)
Sector-10 PEP |l PEP Il

e- injector Hiah Ener
PEP Il Low Energy Bypass (LEB) ngng (HE )y

Sactor-4 PEP Il [9 GeV]

et injector

et 111




[ Maximum likelihood method]

(

* Consider set of NV measurements of a quantity z distributed according A

to a probability density function (PDF) P(xz,) where ac is a set of n
parameters o = {1, g, ..., 0n } . ” N

* The likelihood function is defined : L — H P(x;, o

J

* Given the data (x;), the likelihood gives the relative probability for
values of parameters ««. The maximum of £ over parameter space o
gives an unbiased estimate of .

* For large N, L(a;) is Gaussian near maximum Lmax = L£(¢&;) :

L(az) = Lmax€ 2"2'

* Statistical uncertainty o; on «; 1S

* We compute the significance (S) of a fit result ( L£,,.x) relative to some
other hypothesis, e.g. the zero 31gnal hypothesis ( Lg), with the

likelihood ratio test: S = —21n Elgx .




[ ML fit specifics ]

a

If N is a random variable, construct extended likelihood with factor for )

Poisson probability of making /N measurements when expecting V.
We use multiple observables so £ — x, where x = {1, %2, ..., T, }.

The PDF P(x, ) is a composite with each part corresponding to a
component of the data, such as signal or background.

Correlations between variables of x are low (<5%), so we factorize the
PDF for each fit component j: P,(x) = P;(x1)Pj(z2)...P;(Tm)-

In practice, L is very small and computationally difficult, so we
minimize —21n £ instead of maximizing L .

The likelihood for NV events with signal (sig) and background (bkg)
components:
£3

~N
6_(7/sig‘|‘kag) N

o= N Vsigpsig (Xia asig) - kagpbkg (Xz'a Olbkg)

€3 ? Y
where Vg, and vpke (the estimators of the sig and bkg event yields)
are free to vary 1n the fit.
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KL cut optimization

Table A.1: Results from cut optimization study for nngg. The “Very Tight” cut
values maximize signal significance (S/v/S + B). The “Loose” cut values minimize the
errors on S and C from toy MC studies and are used in this analysis. We report cut
values, events entering the Runl-6 fit, signal efficiency, expected Runl-6 signal yield,
mean of the S and C error distributions for embedded toys with Runl-6 statistics, and
blind fit values to runl-6 data as a final crosscheck.

Very Tight

Tight

Loose

Very Loose

NN output Cut
2w S Qi

miss
cosfOp . Cut

0.50
—0.46
0.93

0.40

—0.60
0.94

0.30

—0.70
0.95

0.20

—0.80
0.96

Events to Fit
MC € (%)
Expected nSig

6253
15.2
249

8826
17.6
310

12085
19.8
353

14992
21.0
375

S error
C' error
blind S
blind C

0.310 & 0.004
0.222 £ 0.002
—0.76 £ 0.26

0.09 = 0.22

0.273 £ 0.003
0.198 £ 0.002
—0.68 £ 0.24

0.00 =0.21

0.257 = 0.003
0.191 == 0.002
—0.68 &= 0.22

0.04 = 0.19

0.262 = 0.003
0.190 £ 0.001
—0.59 £ 0.22

0.05 =0.19




iCharm BB background]

e

\

* Typically, charm events are absorbed into

continuum background yield in ML fit.

* In previous analyses, charmless yield floated

1.6 -- 5 times higher than expected.
* Bias on charmless yield was negative.
* In mode etap K+, projection of charmless

events onto mES shows contamination
from non-peaking events -- charm or qq?

‘Charm PDF is qq-

s

\_

like with small
peaking component.

* With charm
component in ML

é—chlarnlllesls Sf’lof

Accumulate probability to be
signal (computed without
plotted variable) 1n bins of
variable of interest. Overlay
normalized PDF.

fit projections look
more reasonable.

——i_—¢—

* Charm and

—

—

- 3s0F

300F

250

200

charmless yields
float to reasonable
values in ML fit.

F + ~ charmless sPlot : £ charm sPlot

# 150

100F

o L 1 L 1
5.25 5.26 5.27

Wy,

1
5.28

L I L I L I L
520 835 5.26 527 558 5.29

TMES (Ge ))
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|

Semileptonic B decay et

Tagging algorithm J

s

_ Ww
S - C

d = d

* Neural-network-based algorithm assigns
each Biae candidate to 1 of 6 categories.

* Category 1s determined by continuous output of
algorithm (and lepton in the B, final state).

* Cleanest tagging from semileptonic decays, such as B@@W

* Clean tagging from b — ¢ — s c'l_e%ays, such as

\_

N BO(_—> D*—p‘l‘, D*_ — D '7'('_7 D é' Ideal ' ‘ — E Ziz
At resolution function | A

>; / E ¢ — B’ tags -

Xper1mental) AN e 0 ;

* Sum of 3 Gaussians (core, tail, and outlier).

* The means and widths of core, tail Gaussians T

are scaled by uncertainty on At (OAz¢). ' At (ps)

R<At7 UAt) o (1 = ftail — fout)G(Ata HcoreO At UcoreUAt)

: - 3 +ftailG(Ata HtailO At UtaiIUAt) + foutG(Ata Hout Uout)
G(z,u, o) is Gaussian in x

of mean p and width o. * Parameters differ b/w tagging categories.
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Validating fit uncertainties

Table 1: Mean values of the error distributions for S and C' and the RMS of the
S and C' distributions for each sub-mode from 140-550 embedded toy MC ex-
periments. (The number of experiments is the maximum without oversampling
the signal MC.) We also report the averaged sub-mode results and the results

from 175 toy experiments for the simultaneous fit. All results are reported in
units of 1072.

Final state

Mean of RMS of
S Error

S Error

RMS of
S dist.

RMS of
C Error

Mean of
C Error

RMS of
C dist.

156 =1
1% 5= 11
381 £95
325+ 3
246 £ 3
271 =2
358 = 6

14+1
8t1
(6 3==0
53 =3
38 3
32+ 2
70L6

167 £ 8
114+ 7
481 £ 34
357 £ 22
280 = 20
278 = 18
416 £ 35

115+ 1
88 =1
267 £ 2
258 £ 2
180 = 1
199 £1
265 = 3

bxt1
3x1
31 £2
36 £ 2
1441
15+1
32=x3

121+ 6

97+ 6
280 = 20
267 £ 16
192 £ 14
201 =13
263 £ 22

Weighted

Average :

Simultaneous Fit:

760
6=

==l
3x0

9L 5
(6 ==0)

57 =0
58 £ 0

2x0
2+0

61+ 4
61+ 6




Source of error g(S) a(C)
[ Systematic Errors J Beam position /size 0.002  0.001
SVT alignment olobd A B
- N2 ) Tag-side interference 0.001  0.015
Bea.mts.pot position: Fit MC with reasonable T 0.006  0.003
e Fit Bias 0.006  0.006
* SVT alignment: Fit MC with reasonable PDF Shapes 0.005  0.009
SV'T mis-alignment. BB Background 0.008 0.004
o . . Signal At Shape 0.009 0.010
* Tag-side interference: With toy MC estimate
_ Total 0.016 0.022 |
effect of interference b/w CKM-suppressed -
bb ra ub ¢ db and favored b ra u cb d amplitudes
* Misreconstructed Signal: Depending on sub-mode, in 1-4% of reconstructed signal
events we swap track with rest of event. We embed various concentrations of self-
crossfeed to estimate effect on DT and S/C.
* Fit bias: Take uncertainty on fit bias as systematic.
* PDF parameterization: Vary fixed params by amounts found in studies of data
control samples (Bflav, B ra D p1, eta” K+) take DS/DC as systematic.
* BB background: Vary CP params for chls, chrm components; vary fixed
charmless yield by +-20%.
* Signal DT parameterization : By comparing toy MC studies performed with DT
params (calR and tagging) from signal and Bflav MC, we estimate effects due to
L differences between signal and Bflav data. J
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Tag Cat S C
CI‘OSS CheCkS Lepton _0.670£0.134 0.122 + 0.105
Kaonl _0.31540.146  0.132 4 0.107
Kaon2 —0.569 4 0.150 0.297 4 0.117
[ .
. P KaonPion —0.246 +0.255 0.080 4 0.185
* Including PDFs for m,, m,, 0 4o does not Pions —0.205+ 0.365 0.263 + 0.257
1improve precision on S and C. Other —1.414 +1.010 0.624 £ 0.710
e Fit is stable without PDFs for (one-at-a-time). geigbtefRAve?ge _8-32? i 8-8;2 ggj i 8-8?;
MES, AE, and f‘ ominal Resu —0. . : 058
: : : Nominal Fit  All-Variable Fit
S and C are consistent across tagging categories. L Sy i el
* At model is reasonable: g _ggi i gﬁg _8222 i 81(6)8
7 =1.53+0.07 (PDG 1s 1.5 + 0.01) . ' ' '
AT
* S and C in charged modes consistent with zero. o SO
C 0.21740.090  0.199 + 0.086
\_ y
777’77777[(200
Fit vars mgs, AE, F, At AFE, F, At iodo s a8 VAN mgs,AE, At S —0.402 £ 0.347  —0.390 £ 0.342
232 + 0.301 266 + 0.301
S _0.481 +0.078 —0.4714+0.080 —0.512+0.077 —0.535 + 0.082 5 0252 5 0
C 0.174£0.058  0.159£0.062  0.164£0.059  0.165%0.063 | W 77, K 00
Signal Yields S —0.179 £ 0.331 —0.518 £0.336
e KO 468.8 + 23.5 465.44+26.2  461.8+235  475.1+24.9 C 0.029 £0.261  0.107 = 0.263
n, KO 999.0 + 39.6 097.0£475  966.7+469 10072454 |
n K% 104.3 + 13.0 107.4 £ 15.8 104 3o EE RS Y 5t B g A
7 K% 201.9 + 27.4 288.7+44.6 19624297  201.9444.9 g gggg i 8?2; 83?7); i glgg
i KO 170.5 + 14.1 1774+ 158 17594231  172.3+149 ' ' ' '
0 KO 331.5 + 31.4 33494315  334.6+29.1  334.6+3L5 0 on KO
i KO 163.9 + 21.8 160.9421.6 16084198  160.7+216 Jf S _0.68440.223  —0.692 + 0.218
C 0.036 +0.194  0.033 + 0.184
combined S | —0.48240.079 —0.507 + 0.078
combined C 0.179 4 0.059 0.171 + 0.058 )
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In LMR:

Averaglng Obtain —21In L as function of K7y
reSUItS branching fraction (B) for each sub-mode.

Convolve —21In L ¢(B) w/ Gaussian of with Ogyst .

Value at minimum of », —21InL¢(B) is
average branching fraction (J3).

68% confidence interval on B is o such
that —2In L(B+ o) = 1.

Dashed sub-mode curves

45
BR(B1K ")(~x10")

* In HMR:

* 1Ky and K5 are highly correlated (40%).
* Combining with —21In L¢(B) curves neglects correlations.

* We average with simultaneous fits (as in 'K O analysis),
one fit for 2 neutral modes, one for 4 charged modes.




